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1.  INTRODUCTION 


1.1  Program  History 

An  effort  is  underway  to  enhance  the  battlefield  survivability  of  combat  vehicle 
tire  systems.  The  impetus  for  current  investigations  dates  back  to  a  1979  issue  paper, 
submitted  to  DA  by  the  US  Training  and  Doctrine  Command  (TRADOC).  In  1985 
the  Tank  Automotive  Command  (TACOM)  established  a  tire  task  force,  the  need  for 
which  was  supported  by  the  results  of  a  1984  independent  evaluation  of  one  tire  sys¬ 
tem  performed  by  the  Operational  Test  and  Evduation  Agency  (OTEA).  OTEA 
observed  that  when  the  run-flat  tires  for  the  High  Mobility  Multi-Puipose  Wheeled 
Vehicle  (HMMWV)  were  run  flat  for  30  miles,  the  tires  became  unserviceable  and 
had  to  be  replaced.  The  objective  of  the  TACOM  Tire  Task  Force  is  to  identify  a  sur- 
vivable  tire  system  (STS)  technological  replacement  which  demonstrates  acceptable 
battlefield  survivability.  A  two-phase  approach  (operational  and  technical)  has  been 
adopted  to  screen  available  STS  technologies  in  search  of  candidates  for  more  intense 
research  and  development.  The  operational  phase,  considering  the  standard  and  new 
STS  technologies,  was  completed  by  the  Combat  Developments  Experimentation 
Center  (CDEC)  in  1987.  The  technical  phase,  the  focus  of  this  paper,  is  being  con¬ 
ducted  under  the  supervision  of  the  Vulnerability  Lethality  Division  (VLD)  of  the 
Ballistic  Research  Laboratory  (BRL)  according  to  the  test  plan  developed  by  the  Pro¬ 
bability  and  Statistics  Branch  (PSB)  of  the  Systems  Engineering  and  Concepts 
.Analysis  Division  (SECAD)  of  the  BrL 

It  is  necessary  to  brieffy  review  the  operational  phase  so  that  the  purposes  of 
the  technical  phase  are  clearer.  In  the  CDEC  exercise,  the  operational  performances 
of  eight  candidate  HMMWV  tire  systems  were  examined.  TTie  test  procedure  began 
by  damaging  the  right  front  tire  by  shooting  into  it  seven  7.62mni  rounds  in  accor¬ 
dance  with  the  NATO/FINABEL  standard,  dated  5  January  1984.  The  vehicle  was 
then  driven  on  a  test  course  consisting  of  three  terrains:  cross  country,  secondary  road, 
and  primaiy  road.  The  terrain  classifications  were  made  by  engineers  from  Water¬ 
ways  Experiment  Station  (WES).  The  vehicles  traveled  a  maximum  of  102  miles  or 
less  if  the  tire  became  unserviceable  before  completing  the  course.  The  principal 
quantitative  measure  was  the  speed  of  the  vehicle  over  each  course  segment  and  the 
number  of  miles  until  failure  for  each  tire- 102  miles  if  the  tire  remained  serviceable. 
In  addition,  subjective  information  regarding  ride- performance  measures  was  gath¬ 
ered  via  questionnaires  filled  out  by  the  drivers  and  data  collectors.  Auxiliary  data 
were  collected  and  analyzed  by  >VES,  focusing  on  the  stress  to  the  vehicle  and  comfort 
afforded  by  each  tire  system,  as  assessed  by  measuring  the  power  absorbed  by  the 
front  axle  and  by  the  driver’s  seat  in  accordance  with  TACOM  procedure.  Some  con¬ 
tributions  of  the  CDEC  and  WHES  analyses  were  to  rank  the  S'K  technologies,  to  sug¬ 
gest  modifications  for  new  STS  technologies,  to  raise  concerns  over  power  absorbency, 
and  to  demonstrate  that  many  STS  technologies  fail  after  degradation  before  traveling 
102  miles. 
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To  complete  information  supporting  STS  selections  for  further  study,  TACOM 
has  contracted  the  BRL  to  augment  the  operational  test  information  by  examining,  in 
detail,  factors  which  influence  the  failure  of  these  systems.  The  perceived  need  for 
further  testing  stems  from  questions  raised  during  the  operational  phase.  For  exam¬ 
ple,  an  important  thrust  is  to  quantify  and  compare  the  influence  on  tire  system  per¬ 
formance  of  shrapnel-induced  damage  with  that  of  7.62mm  rounds.  Also  to  be  studied 
are  the  influences  of  tire  pressure  (high  or  low),  tire  motion  (moving  or  standing),  tire 
position  (front  or  rear),  and  impact  angle  of  obliquity.  Finally,  BRL  is  to  compare  the 
STS  technologies  subject  to  these  varying  test  conditions. 

1.2  Technical  Test  Phase  Objective 

The  objective  of  this  effort  is  to  provide  technical  performance  information  for 
use  in  tire  selection  from  among  the  STS  technologies.  Tiie  information  must  compli¬ 
ment  the  operational  phase  exercise,  so  as  to  be  considered  an  extension  to  it  and  not 
a  completely  different  evaluative  process.  The  test  must  provide  a  means  of  repeti- 
tiously  propelling  a  representative  size  shrapnel  (fragment)  simulator  at  STS  proto¬ 
types  to  impact  at  representative  velocities.  Representative  is  considered  to  define  the 
size  and  velocity  of  the  shrapnel  that  would  impact  the  tires  from  ranges  at  which  the 
vehicle  could  be  expected  to  be  operational  or  readily  repairable  by  Battlefield  Dam¬ 
age  Assessment  and  Repair  (BDAR)  teams.  The  test  must  assess  the  influence  of  the 
possible  degradation  factors  including  those  introduced  in  Section  1.1. 

1.3  Purposes  and  Organization  of  this  Document 

The  purposes  of  this  document  are  to  explain  and  justify  the  experimental  stra¬ 
tegy  which  was  proposed  by  the  BRL  and  approved  by  TACOM  and  the  Tire  Task 
Force  Executive  Committee,  and  to  introduce  the  new  BRL  test  stand  which  was 
developed  to  meet  the  fragment  damage  study  requirements. 

The  remainder  of  the  report  is  partitioned  as  follows.  Section  2  outlines  the 
necessary  requirements  for  the  successful  STS  technology.  Section  3  describes  the 
adopted  test  strategy  and  Section  4  presents  the  methods  for  collecting  and  analyzing 
the  data  according  to  the  strategy  of  Section  3.  Section  5  addresses  two  special  con¬ 
cerns:  the  simulation  of  fragments  and  the  method  by  which  tires  can  be  safely  and 
consistently  damaged  when  in  motiort  Section  6  provides  an  overview  and  critique  of 
the  proposed  test. 

2.  PERFORMANCE  REQUIREMENTS  FOR  HMMWV  TIRES 
2.1  Background 

The  proposed  STS  prototypes  approach  the  challenge  of  overcoming  or  resist¬ 
ing  battlefield  degradation  in  basically  four  different  manners.  When  combat  tires  are 
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exposed  to  small  caliber  munitions  and  shell  fragments,  they  will  surely  tear,  puncture, 
or  in  some  other  way  be  damaged  so  as  to  induce  partial  or  complete  deflation.  In 
order  for  military  objectives  to  be  satisfied,  the  survivable  tire  system  will  either  suc¬ 
cessfully  negate  this  damage  or  be  structurally  capable  of  suppotting  vehicle  mobility 
without  benefit  of  full  tire  pressure.  I'aking  the  first  tack,  the  sealant  tire  systems  con¬ 
tain  chemical  compounds  which  are  intended  to  flow  to  a  source  of  air  loss,  solidify, 
and  thereby  negate  the  threat  damage.  Run-flats  take  the  second  tack  and  are  able  to 
support  the  vehicle  with  a  metal  or  plastic  insert  which  acts  in  the  tiie’s  stead  when  the 
tire  is  deflated.  Self-supporting  tires  are  so  named  because  molded  into  the  tread  Is  a 
rigid  fiber  glass  band,  designed  to  cany  the  tire’s  full  load  in  the  absence  of  cite  pres¬ 
sure.  Solid  urethane  tires  circumvent  the  problem  ly  containing  no  air  to  be  lost,  but 
they  do  so  at  the  cost  of  additional  weight,  inhibiting  vehicle  mobility  (Dreliing  et  al., 
1987). 


The  military  objective  is  that  HMMWV  tires  remain  ser/iceabie  when 
degraded  through  battlefield  exposure  to  small  caliber  munitions  and  shell  fragments. 
Serviceable  meaas  that  the  tire  exhibits  performance  consistent  with  the  standards 
specified  in  the  NATO/FINABEL  standard,  dated  S  January  1984.  Summarized 
expectations  set  forth  therein  say  that  the  combat  tire  must  possess  (as  nearly  as  possi¬ 
ble)  the  same  over-the-road  performance  as  the  classic  radial  tire,  in  terms  of  max¬ 
imum  vehicle  speed  and  lateral  and  longitudinal  traction  and  stability.  After  degrada¬ 
tion,  normal  military  performance  of  the  vehicle  is  stUl  required  when  no  more  than 
two  tires  (one  drive  and  one  steering)  are  damaged.  The  selection  criteria  must  be 
driven  by  Ae  military  objectives  summarized  above.  The  pertinent  portions,  providing 
more  detail,  have  been  extracted  from  the  standard  and  are  addressed  below.  After 
each  requirement,  a  comment  is  made  as  to  how  the  requirement  is  addressed  in  tne 
proposed  test  strategy  for  the  technical  phase. 

2.2  NATO/HNABEL  Standard 

2.2.1  Characteristics  Before  Perforation  (Inflated) 

The  combat  tire  must  possess  (as  nearly  as  possible)  the  same  over-the-road 
performance  as  a  classic  radial  tire  including;  maximum  vehicle  speed,  lateral  traction 
and  stability,  and  longitudinal  traction  and  stability.  (Comment:  Objective*  and  sub¬ 
jective.**) 


*Statistical  assessment  based  on  strictly  quantitative  data 

**  Assessment  based  on  questionnaire  responses. 
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The  combat  tire  must  provide  the  same  contact  off-highway  and  cross-country 
mobility  as  a  classic  radial  tire.  (Comment:  Subjective.) 

In  normal  service  the  combat  tire  should  be  as  repairable  and  remountable  at 
the  battalion  level  as  the  classic  radial  tire.  No  special  combat  tire  tools  should  be 
required.  (Comment:  Subjective.) 

2.2.2  Performance  After  Perforation 

A  "perforation"  is  the  designation  of  any  damage  caused  by  automatic  weapon 
fire  (ball  ammunition),  artillery  bursts  (shrapnel),  anti-personnel  mines  (shrapnel, 
shot,  or  flechettes),  tree  trunks  (splinters,  stubs,  or  stakes),  and  other  combat  area 
debris  such  as  shell  casings,  ration  can  tops,  and  broken  glass,  which  the  tire  might 
receive  in  combat.  After  perforation,  the  tire  must  maintain  the  minimum  perfor¬ 
mance  levels  listed  herein.  (Comment:  Shrapnel  and  automatic  weapon  fire  oiUy.) 

Normal  military  vehicle  performance  is  required  when  no  more  than  two  tires, 
one  powered  and  one  steering,  are  perforated.  It  is  desirable  that  normal  military 
vehicle  performance  be  maintained  after  50%  of  the  tires  have  been  perforated,  simu¬ 
lating  systematic  fire  perforating  ail  tires  on  one  side  (Korea),  as  well  as  random  per¬ 
forations  from  anti-personnel  mine  overruns  (Viet  Nam).  (Comment:  Objective.) 

The  military  vehicle  with  one  steering/driving  tire  or  two  (one  driving  and  one 
steering)  tires  deflated  is  required  to  pass  the  hard-surface  road  test  and  cross-country 
terrain  test.  For  the  hard-surface  road  test,  the  system  must  complete  50  km  (30 
miles)  of  a  75  km  (45  mile)  route  without  the  perforated  tires  demounting  or  auto- 
igniting.  This  must  be  accompUshed  without  significantly  affecting  speed,  stability, 
maneuverability  or  steering  under  the  following  conditions  over  a  paved  course  which 
features  sections  of  straight  level,  hilly  and  curved  (75  to  300  feet  radii)  roadway.  For 
the  cross-country  terrain  test,  the  system  must  complete  two  hours  of  operation  at  an 
average  speed  of  20  km/hr  (12  mph)  over  a  "rough"  winding  course  featuring  a  limited 
number  of  steps  (embankments),  ditches,  tree  trunks,  grades  and  side  slopes  over  geo¬ 
logically  natural  terrain  including  sand,  clay,  aggregated  stone,  and  loose  rock  without 
immobUizing  the  vehicle  for  any  cause  which  would  not  have  ocairred  if  all  tires  had 
been  inflated.  (Comment:  All  terrains  are  incorporated  in  the  30  mile  test  course  in 
accordance  with  the  mission  profile  percentages  for  reliability  testing.) 
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TABLE  2 ) 

TABLE  2.1.  MISSION  PROnUE 
Assumes  30  Mile  Course  Segment 

COURSE  MILEAGE 


Primary  Roads  9  miles 

30% 

Secondary  Roads  9  miles 
30% 

Cross  Country  12  miles 

40% 


2.2.3  Perforating  the  llres 

At  a  distance  of  SO  meters,  fire  five  7.62  nun  rounds  into  the  side  wall  and  two 
7.62m  rounds  into  the  tread.  The  tires  may  be  perforated  before  mounting  on  the  test 
wheel  positions  in  order  to  eliminate  potential  vehicle  damage.  (Comment:  All 
mounted.) 

The  perforated  tires  will  beymounted  on  the  heaviest  loaded  driving  wheel  on 
the  walking  beam  position  and  the  opposite  side  steering  wheel.  If  the  heaviest  load  is 
carried  by  a  steering  wheel  tire,  the  test  may  be  completed  with  one  tire.  If  the 
vehicle’s  tires  are  independently  suspended,  two  tests  are  required;  one  steering  tire 
and  one  driving  tire  carrying  the  heaviest  load.  (Comment:  Adhered  to  requirement.) 

3.  EXPERIMENTAL  STRATEGY 

3.1  Failure  Definition 

It  is  important  to  be  able  to  determine  when  the  tire  system  has  failed.  Con¬ 
sistent  with  the  CDEC  exercise,  the  tire  system  can  fail  In  two  ways,  the  first  being  a 
subjective  judgement.  After  degrading  the  front-right  tire  with  7.62mm  rounds,  the 
vehicle  was  taken  out  on  the  test  course.  At  regular  intervals,  or  when  handling  con¬ 
cerns  arose,  the  tire  was  inspected  fur  damage.  If  for  any  reason  the  tire  was  judged 
to  be  unserviceable,  the  tire  system  was  considered  to  have  failed  and  the  test  of  that 
tire  was  stopped.  In  the  CDEC  report,  common  notations  describing  the  condition  of 
the  failed  tire  include  "side  wall  came  apart  destroyed...  run-flat  device  disintegrated ... 
tire  came  off  rim ...  bead  lock  broke." 
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The  second  way  in  which  a  tire  system  can  fail  is  according  to  the  50%-Rule. 
The  S0%>Rule  says  that  the  tire  system  is  considered  to  have  failed  if  the  driver,  in 
order  to  maintain  vehicle  control,  has  to  reduce  his  speed  by  50%  or  more  relative  to 
the  normal  operating  speeds  for  each  of  the  three  terrains.  The  need  for  this  rule 
stems  from  the  possibility  that  a  tire  docs  not  look  bad  enough  to  be  judged  to  have 
failed,  but  performs  so  poorly  that  NATO/FINABEL  requirements  are  not  met.  A 
consideration  when  applying  this  rule  is  that  varying  driver  strengths  may  influence  the 
degr  ee  to  which  the  driver  must  slow  to  maintain  control.  To  accoimt  for  this,  normal 
driving  speeds  will  be  determined  for  each  driver.  This  will  be  accomplished  with  a 
preliminary  base-line  test,  discussed  in  detail  in  Section  4.1. 

3.2  Experimental  Response  and  Influencing  Factors 

In  this  section,  all  of  the  variables  considered  in  this  study  are  defined.  They 
are  classified  as  to  response,  test  factor,  or  control  factor.  Within  each  category,  the 
factor  and  its  levels  are  defined,  and  the  rationale  for  its  inclusion  in  the  study  is  given. 

3.2.1  Response 

By  response,  we  mean  the  principal  measure  of  performance  to  be  used  in  the 
assessment  of  tire  performance.  The  response  for  the  study  is  the  number  of  miles 
traveled  after  degradation  before  system  failure,  where  system  failure  is  defined  in 
Section  3.1.  An  accurate  measure  of  the  response  will  be  achieved  by  checking  the  tire 
condition  at  regular  intervals  along  the  test  course  in  addition  to  any  time  the  driver  or 
data  collector  feels  that  a  check  is  necessary.  The  test  course  will  be  150  miles  in 
length  (five  30-niile  laps),  extending  the  course  length  used  in  the  CDEC  exercise. 
The  hope  is  that  this  will  result  in  fewer  tires  which  travel  the  entire  course  length.  In 
that  event,  the  data  is  not  considered  to  be  truncated-important  to  the  interpretation 
of  statistical  analysis  and  the  estimation  of  factor  influence. 

A  measure  of  power  to  the  axle  or  driver’s  seat  will  be  available,  as  it  was  for 
the  WES  analysis.  TACOM  will  assume  responsibility  for  the  analysis  of  that  infor¬ 
mation. 

3.2.2  Test  Factors 

Test  factors  are  those  whose  influence  on  the  response  is  measured.  The  exper¬ 
imental  design  is  in  large  measure  defined  by  the  manner  in  which  they  are  included. 
The  test  factors  considered  here  are  tire  technology,  tire  position,  tire  motion,  tire 
pressure,  driving  team,  and  threat,  which  includes  angle  of  obliquity.  In  this  section, 
each  will  be  discussed  in  turn. 
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Hie  tire  technology  factor  consists  of  six  levels,  corresponding  to  the  standard 
and  five  prototypes.  An  influence  on  the  response  caused  by  this  factor  indicates  that 
at  least  one  of  the  technologies  is  performing  diiEferently  than  the  others.  Multiple 
comparison  procedures  will  allow  for  the  ranking  of  the  prototypes  in  that  likely  event. 
The  new  prototypes  under  consideration  were  produced  by  Motor  Wheel  Corp.,  Lans¬ 
ing,  MI;  Patacell  Corp.,  Long  Island,  NY;  Trelleborg  Corp.,  Sweden;  Vorwerk  Corp., 
Federal  Republic  of  Germany;  and  Hutcheson  Corp.,  France. 

Tire  position  is  included  as  a  factor  because  of  the  different  forces  acting  on 
steering  tires  as  opposed  to  drive  tires.  Specifically,  the  drive  tire  experiences  those 
forces  associated  with  the  forward  motion  of  the  veMcle.  The  steering  tire  experiences 
forces  relating  to  vehicle  control  and  drive  forces  during  the  4-wheeled  drive  use  of  the 
vehicle.  Tires  mounted  at  both  positions  will  be  degraded  and  position  performance 
will  be  compared.  Additionally,  four  tests  will  be  conducted  with  both  the  drive  and 
steering  tire  degraded.  Hiis  is  necessary  to  meet  the  two-tire  damage  specifications  in 
the  NATO/FINABEL  standard.  This  test  of  the  two-tire  damage  case  is  mentioned 
in  the  final  section  of  the  report,  and  its  position  in  the  test  sequence  appears  in  itali¬ 
cized  print  in  Appendix  C. 

Hre  motion  refers  to  whether  the  vehicle  is  moving  or  at  rest.  In  the  test,  tires 
under  load  will  be  degraded  under  each  condition.  To  safely  accomplish  degradation 
while  the  wheels  are  in  motion,  the  BRL  developed  a  test  stand  on  which  the  vehicle 
can  be  mounted.  Once  mounted,  the  tires  are  rotated  at  35  mph.  The  rationale  for 
this  factor  is  simply  that  some  believe  that  the  tires  will  respond  differently  to  threat 
damage  if  in  motion  as  compared  to  at  rest.  For  instance,  the  centrifugal  force  in  a 
moving  tire  may  assist  a  chemical  sealant  in  plugging'any  holes. 

« 

Tire  pressure  is  believed  to  affect  the  damage  inflicted  by  a  round  or  fragment, 
low  tire  pressures  making  the  tire  more  resistant  to  the  damage.  The  test  will  reveal 
any  differences  between  performance  under  high  and  low  pressures.  Also  the  perfor¬ 
mance  under  low  pressure,  important  for  certain  terrains,  may  be  evaluated.  For 
example,  tires  with  low  pressures  will  normally  perform  better  on  soft,  sandy,  wet, 
marshy,  or  snow  covered  terrains,  whereas  tires  with  relatively  high  pressures  will  be 
more  effective  on  "hard"  surfaces  such  as  concrete  or  macadam.  TACOM  has  set  high 
and  low  pressure  to  be  30psi  and  22psi,  respectively. 

The  factor,  threat,  consists  of  four  levels  of  damage,  two  by  shrapnel  and  two 
by  7.62mm  rounds.  The  shrapnel  damage  is  inflicted  by  a  large  and  a  small  fragment, 
each  with  trajectories  perpendicular  to  the  side  wall  of  the  tire.  More  detailed  infor¬ 
mation  about  the  fragment  simulation  is  given  in  Section  5.1.  The  ball  ammunition 
damage  is  performed  according  to  the  NATO/FINABEL  standard,  calling  for  five 
rounds  straight-on  into  the  side  wall  and  2  rounds  straight-on  into  the  tread.  A  second 
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ammunition  degradation  is  accomplished  by  firing  five  rounds  into  the  side  wall,  with 
a  45®  obliquity  angle,  and  2  rounds  straight-on  into  the  tread.  The  intent  is  to  deter¬ 
mine  if  the  angle  of  attack  influences  tire  degradation,  and  to  compare  both  small  and 
large  fragment  simulators  with  ball  ammunition,  as  to  their  influence  on  tire  perfor¬ 
mance. 


The  factor,  driving  team,  was  created  to  isolate  the  effects  of  different  drivers 
on  the  response  and  to  lessen  the  demands  placed  on  individual  drivers.  With  regard 
to  tire  failure  definitions,  varying  driving  skills  and  judgement  could  cause  drivers  to 
influence  the  measured  response.  Based  on  the  speeds  traveled  in  the  CDEC  exer¬ 
cise,  the  vehicle  could  have  been  required  to  stay  on  the  course  for  six  hours.  Given 
the  failure  criteria,  driver  fatigue  is  to  be  avoided.  The  driver  effect  is  not  of  interest  in 
this  investigation;  it  is  merely  a  nuisance  factor.  Its  influence  will  be  reduced  through 
use  of  the  speed  profile  test  discussed  in  Section  4.1,  but  it  is  still  likely  to  be  present 
to  some  degree.  'Iberefore,  the  factor  has  to  be  measured  so  that  its  influence  on  the 
response  can  be  distinguished  from  the  effects  of  the  more  important  factors.  The 
tack  taken  was  to  create  two  driving  teams,  each  having  two  drivers.  The  driving  team 
factor  will  allow  for  the  detection  of  differences  between  teams,  but  not  the  difference 
between  drivers  within  teams.  The  latter  difference  will  be  reduced  by  partially  ran¬ 
domizing  the  drivers  within  a  given  team.  In  this  way,  we  avoid  the  situation  where 
driver  1  always  drives  when  testing  prototype  A  and  driver  2  always  drives  when  test¬ 
ing  prototype  B.  If  the  drivers  were  not  partially  randomized  and  a  difference  was 
observed  between  prototype  A  and  prototype  B,  a  natural  concern  would  be  that  the 
observed  difference  was  really  between  drivers  and  not  prototypes.  There  would  be  no 
statistical  way  of  determining  the  origin  of  the  observed  difference.  ^ 

.  3.2.3  Nuisance  Factors 

Similar  to  the  driving  teams  factor,  nuisance  factors  are  experimental  condi¬ 
tions  which  will  likely  affect  the  response,  but  whose  effect  is  not  of  interest.  We  will 
implement  two  methods  for  protecting  the  integrity  of  the  design  from  these  nuisance 
effects:  control  the  influence  by  making  the  factor  assume  a  constant  value  or  relegate 
the  influence  to  the  experimental  error  through  randomization  of  the  factor.  The 
latter  approach  is  only  appropriate  when  the  amount  of  influence  is  expected  to  be 
small.  The  driving  teams  factor,  for  example,  is  really  a  nuisance  factor  but  had  to  be 
incorporated  in  the  design  as  a  test  factor  because  its  influence  was  expected  to  be 
substantial.  What  follows  is  the  discussion  of  five  nuisance  factors. 

Terrain  (primary,  secondary,  cross  country)  is  going  to  influence  tire  perfor¬ 
mance  by  imposing  different  stresses  on  the  tire.  The  influence  is  more  appropriately 
measured  by  power  to  the  axle  and  driver’s  seat  than  by  the  number  of  miles  until 
failure.  Its  effect  on  that  response  Ls  already  addressed  in  detail  in  WES  Technical 
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Report  GL-87-21.  The  factor  is  important  to  the  response  adopted  here,  because  the 
NATO/FINABEL  standards  define  the  tire’s  mission  profile  in  terms  of  the  three  ter¬ 
rains.  The  procedure  adopted  here,  consistent  with  the  CDEC  exercise,  was  to  create 
a  test  course  comprised  of  the  three  terrains  in  proportions  consistent  with  the 
HMMWV  mission  profile.  The  order  in  which  the  terrain  is  accessed  by  the  vehicle 
will  be  partially  randomized. 

Two  HMMWVs  will  be  used  in  the  test.  Though  we  have  asked  for  vehicles  of 
similar  age  and  states  of  repair,  the  possibility  still  exists  for  each  to  handle  differently, 
for  example,  different  suspension  systems  expose  the  tires  to  different  levels  of  stress. 
The  vehicles  are  introduced  to  the  design  with  driving  team,  i.e.  each  team  will  always 
drive  the  same  vehicle.  The  impact  this  will  have  on  the  analysis  is  that  their  effects 
are  confounded;  a  significant  effect  observed  for  driving  team  could  be  caused  by  a 
driving  team  difference  or  a  vehicle  difference.  Since  neither  factor  is  of  real  interest 
except  to  partition  the  total  variability  of  the  data,  this  confounding  is  not  perceived  to 
be  a  problem. 

High  road  temperature  has  been  shown  to  be  a  significant  contributor  to  the 
break-down  of  the  tire.  Consistent  weather  conditions  are  then  important  to  the  test 
outcome.  In  the  CDEC  exercise,  one  problem  was  that  wet  conditions,  the  presence 
of  puddles,  allowed  the  tire  a  chance  to  cool  down.  In  this  test,  the  intent  is  to  control, 
as  nearly  as  possible,  the  weather  by  choosing  a  hot  and  dry  site  for  the  worst  possible 
case  scenario. 

Vehicle  load  contributes  to  the  tire’s  stress.  Again,  for  the  worct  possible  case 
scenario,  the  vehicle  will  be  loaded  to  the  maximum  7900  pounds.  The  weight  will  be 
shifted  toward  the  right  side  of  the  vehicle  where  the  damaged  tires  will  be  positioned. 

Driving  speed  is  another  contributor  to  tire  stress.  The  adopted  procedure  is 
to  instruct  the  drivers  to  travel  quickly,  while  remaining  in  control.  This  too  is  con¬ 
sistent  with  the  CDEC  exercise.  In  the  CDEC  exercise,  the  average  speed  for  primary 
roads  was  35  miles  per  hour  and  approximately  18  miles  per  hour  for  both  secondary 
and  cross  country. 

3.3  Two-Stage  Test  Approach 

Before  settling  on  an  approach  to  the  testing  we  prioritized  the  objectives. 
Most  important  is  the  screening  of  STS  systems  to  identify  promising  technologies  for 
consideration  in  further  study,  that  is,  ranking  the  levels  of  the  tire  technology  factor. 
Of  secondary  importance  is  the  detailed  evaluation  of  influencing  factors.  Due  to  the 
limited  availability  of  prototypes  and  the  large  number  of  questions  to  be  addressed,  it 
is  not  possible  to  adequately  handle  all  objectives  simultaneously.  We  choose  instead 
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to  run  the  experiment  in  stages,  utilizing  information  from  the  first  stage  to  make  the 
second  stage  more  efficient,  both  in  terms  of  resources  and  information  gleaned. 

In  stage  1,  the  focus  is  on  the  influencing  factors  and  not  tire  technology.  In 
fact,  only  the  standard  HMMWV  tire  system  will  be  tested.  There  are  three  reasons 
for  first  examining  these  factors.  First,  using  the  more  plentiful  HMMWV  tire,  more 
information  can  be  acquired  regarding  each  of  the  influencing  factors;  this  leads  to 
better  decisions  regarding  the  factor’s  effect.  Second,  some  of  the  factors  may  prove  to 
affect  the  response  far  less  than  originally  anticipated;  thus,  they  may  be  determined 
not  essential  in  eicaminiag  the  new  prototypes.  Inclusion  of  factors  in  either  situation, 
when  testing  the  new  prototypes,  acts  to  divide  the  allocation  of  sparse  sampie.s 
unnecessarily,  thereby  lessening  the  sensitivity  of  the  test.  Third,  the  nature  of  such 
testing  is  to  identify  mistakes,  initially.  The  stage  1  test  allows  an  opportunity  for 
resolving  problems  in  the  test  procedure  without  wasting  valuable  resources,  the  new 
STS  prototypes.  More  details  of  stage  1  are  given  in  Section  4.2, 

After  the  completion  of  stage  1,  we  will  know  more  about  the  significance  of 
the  proposed  experimental  factors.  At  that  time,  decisions  can  be  made  as  to  their 
roles  when  comparing  the  STS  prototypes.  Because  the  factors  to  be  used  in  stage  2 
are  not  yet  determined,  we  only  outline  the  data  acquisition  and  analysis  in  Section  4.3 
as  opposed  to  a  detailed  presentation.  However,  though  details  are  not  possible,  the 
design  will  follow,  in  principle,  the  design  of  stage  1. 

Prior  to  beginning  stage  1  testing,  a  baseline  test  will  be  run  to  help  profile  the 
driving  of  each  of  the  test  participants.  The  purpose  is  to  gather  data  to  be  used  for 
statistically  modeling  driving  performance  under  normal  driving  conditions.  A  normal 
driving  speed  will  be  determined  for  each  of  the  three  terrains.  Those  speeds  will 
serve  as  the  reference  points,  or  baseline,  against  which  the  S0%-Ruie  is  evaluated.  In 
the  section  which  follows,  yielding  to  the  clironology  of  experimentation,  we  describe 
the  baseline  test  first. 


4.  DATA  ACQUISITION  AND  ANALYSIS,  A  SYNOPSIS 

The  strategies  given  in  Section  3  will  be  supported  by  the  acquisition  and 
analysis  plan  that  follows.  It  has  been  expressed  in  an  abbreviated  format  to  facilitate 
its  use  as  a  general  guide,  with  specific  details  relegated  to  the  appendices.  Each  of 
the  three  tests  (the  two  stages  and  the  speed  profile  test)  are  described  according  to 
their  purpose,  the  data  to  be  acquired  with  the  corresponding  tire  resources,  and  the 
intended  analysis. 


4.1  Speed  Profile  Test 

4.1.1  Purpose. 


a)  Establish  a  peak-performance  baseline  measurement  for  each 
driving  team  using  the  standard  undamaged  tire. 

b)  Elicit  driver/data  collector  evaluation  of  the  standard  tire. 


4.1.2  Acquisitioa 

a)  Operator  instructions  are  to  drive  at  speeds  appropriate  for  the 
course  so  that  they  can  maintain  control.  The  Ft.  Lewis  results  indi¬ 
cate  that  speeds  of  37,  21,  and  18  mph  are  attainable  for  primary, 
secondary,  and  cross  country  terrain  under  normal  operating  condi¬ 
tions.  Each  of  two  driving  teams  will  travel  4  laps  or  120  miles 
according  to  the  driving  schedule  and  team  assignments  given  in 
Appendix  B. 

b)  Data  will  be  gathered  on  time  spent  on  each  of  the  terrain  types. 

c)  Data  will  be  gathered  from  drivers  and  data  collectors  by  a  ques- 
tioimaire  developed  by  the  Probability  and  Statistics  Branch  of  the 
BRL  (included  in  Appendix  A). 

d)  Resource:  120  miles  of  wear  on  eight  standard  tires. 


4.1.3  Analysis. 

a)  Using  data  collected  according  to  4.1.2  b),  establish  driving  speed 
profiles  for  each  team,  profiling  3  terrain  speeds  as  a  function  of 
miles  driven.  A  statistical  modeling  procedure  will  be  used  to 
accomplish  this  task. 

b)  Summarize  questionnaire  information  for  comparison  with  sub¬ 
sequent  test  results. 

4.2  Stage  1 
4.2.1  Purpose. 


a)  Evaluate  standard  HMMWV  tire  after  perforation. 

b)  Determine  which  factors  influence  tire  performance  for  the  stan¬ 
dard  HMMWV  tire. 
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c)  Decide  which  factors  examined  should  be  considered  in  testing 
of  new  tire  technologies  in  Stage  2. 

d)  Work  out  problems  in  testing,  job  assignment,  and  so  forth,  using 
the  standard  HMMWV  tire. 

e)  Gather  driver/data  collector  evaluations  of  damaged  standard 
tires. 

f)  Gather  tire  changing  evaluations. 

4.Z2  Acquisitioa 

a)  Data  will  be  collected  according  to  a  1/2  replicate  of  a  4x2^  fac¬ 
torial  design  (see  Appendix  B). 

b)  Operator  instructions  are  to  try  to  maintain  the  speeds  of  Speed 
Profile  Test,  but  to  slow  if  necessary  to  keep  vehicle  under  control. 
Travel  5  laps  or  150  miles. 

c)  Record  time  spent  on  each  section  of  the  course. 

d)  Stop  and  examine  tire  condition  after  each  lap  and  record  tire 
condition. 

e)  Collect  data  on  miles  to  failure.  (Tire  failure  occurs  when  tire 
auto-ignites,  comes  off  the  rim,  or  driver  must  reduce  speed  to  50% 
or  below  of  appropriate  baseline  value). 

f)  Collect  questionnaire  data  from  drivers/data  collectors  after  150 
miles  or  tire  failure.  The  questionnaire  is  given  in  Appendix  B  and 
is  to  be  filled  out  separately  by  each  member  of  the  driving  team. 

g)  Comments  on  difficulty  regarding  mounting  and  demounting  of 
the  tires  should  be  made  on  the  appropriate  form  given  in  Appendix 
B. 


h)  Resource:  Use  of  43  HMMWV  tires:  . 

32  damaged  in  a  1/2  replicate  of  a  4x2^  design 
8  damaged  when  examining  2-tires  damaged  effect 
Jl_  left  undamaged  on  vehicle 
43 


4.2.3  Analysis: 


a)  Answer: 

i)  Does  performance  after  damage  vary  with  tire  pressure? 

ii)  Does  performance  after  damage  vary  with  tire  position? 

iii)  Does  performance  after  damage  vary  with  tire  motion? 

iv)  Does  performance  after  damage  vary  with  threat? 

v)  Does  performance  after  damage  vary  with  driving  team? 

vi)  Do  some  factors  affect  the  outcome  differently  according 
to  varying  levels  of  another  factor?  (1st  order  interaction.) 

b)  Summarize  questionnaire  information. 

c)  Decide  which  experiment  factors  should  be  examined  further 
with  new  tire  technologies. 

4.3  Stage  2  (Assumes  no  Factors  eliminated  after  Stage  1.) 

4.3.1  Purpose: 


a)  Purposes  a,  b,  e,  f  of  Stage  1  testing,  but  now  for  new  tire  techno¬ 
logies. 

b)  Comparatively  evaluate  tires  based  on  the  objective  and  subjec¬ 
tive  information. 


4.3.2  Acquisition: 

a)  Data  collected  according  to  a  fractional  replication  of  a  5x4x2^ 
factorial  design. 

b)  Acquisition  includes  b  and  c  from  Speed  Profile  Test  and  b-g  in 
Stage  1  testing. 
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c)  Details  pertaining  to  analysis  cannot  be  finalized  until  the  com¬ 
pletion  of  evaluation  testing. 

d)  Resource:  Use  of  30  tires  of  each  of  5  types  (150  total) 

4.3.3  Analysis: 

a)  All  factors  from  4.2.3. 

b)  Answers  -  which  tire  performs  best? 

5.  SPECIAL  CONSIDERATIONS 

5.1  Characterization  of  the  Fragment  Threat 

The  purpose  of  fragment  damage  simulation  is  to  determine  the  influence  of 
fragment-induced  damage  on  run-flat  tire  performance  and  to  allow  for  comparisons 
between  fragment-induced  damage  and  damage  caused  by  7.62  mm  ball  ammunitioa 
For  this  test,  a  prime  consideration  is  the  nature  of  the  threat,  as  characterized  by 
mass,  velocity,  shape  and  expected  number  of  hits.  We  fixed  fragment  parameters  to 
correspond  with  two  known  threats,  a  152mm  and  a  122mm  round.  The  Army 
Materiel  Systems  Analysis  Activity  (AMSAA)  suggested  the  two  threats  which  should 
be  represented.  Once  these  parameters  were  determined,  a  fragment  design  was 
developed  which  caused  the  simulators  to  tumble  in  flight,  causing  representative  tear¬ 
ing  on  impact. 

For  each  threat,  we  proceeded  as  follows:  Velocity  and  mass  are  functions  of 
shell  orientation  and  the  distance  to  the  tire  at  detonation.  AMSAA  accounted  for 
shell  orientation  in  an  AMSAA  model.  BRL’s  interpretation  of  a  TACOM  require¬ 
ment  called  for  setting  the  distance  equal  to  that  causing  50%  M-kill.  In  an  attempt  to 
representatively  simulate  damage,  a  special  fragment  simulator  was  made  which  had 
small  length  over  diameter  ratio.  The  result  was  a  3  gram  and  10  gram  fragment 
simulator  to  be  fired  at  2600  ^  and  3000  respectively,  with  the  expected  number 
of  hits  set  according  to  the  presented  area  of  the  tire  and  the  size  of  the  fragment.  For 
the  distance  setting  chosen,  the  5  side  wall/  2  tread  approach  suggested  in  the 
NATO/FINABEL  standard  is  close  to  what  we  might  expect. 

The  initial  simulators’  performance  was  deemed  unsatisfactory  by  an  AMSAA 
tire  analyst,  who  based  the  judgement  on  many  test  shots  run  at  the  BRL  and  the 
Meppen  Trials.  His  basis  for  comparison  was  actual  fragment  damage.  The  com¬ 
plaint  was  that  the  shots  were  not  cutting  enough,  and  were  too  small.  BRL  changed 
the  fragment  design  to  right  circular  cylinders. 
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In  order  to  improve  tlie  ''tearing''  characteristics  of  the  fragments,  we  experi¬ 
mented  with  a  design  having  high  length-to-diameter  (L/D)  ratio.  It  was  discovered 
that  grooving  the  base  end  of  the  simulator  would  cause  it  to  tumble.  Resulting  per¬ 
forations  are  thus  elongated  and  similar  to  perforations  from  actual  fragments  (see 
Figure  5.1)..  After  examining  the  results,  the  AMSAA  analyst  agreed  to  the  use  of  the 
design  during  the  test.  It  is  worthy  of  note  that  the  time  from  perforation  to  lire  sys¬ 
tem  flat  was  nominally  the  same  for  both  types  of  fragments. 

5.2  Development  of  the  BRL  Test  Stand 

5.2.1  Purpose 

In  previous  tests,  all  tire  system  perforations  had  been  accomplished  statically. 
A  concern  was  expressed  by  the  Vulnerability/Lethality  Division  an^yst  of  BRL  that 
multiple  impacts  on  rolling  tire  systems  may  have  an  appreciably  different  effect  than 
impacts  on  static  tire  systems.  It  was  decided  by  BRL  to  design  and  construct  a  test 
stand  that  \^ould  allow  all  of  the  vehicle’s  wheels  to  rotate  at  speeds  up  to  35mph  at 
h-agment  impact  in  order  to  address  this  concern. 

5.2.2  Performance  of  STS  after  Perforation 

Response  to  single  perforations  of  a  single  rolling  tire  system  caused  some 
sideways  d^ing  of  the  vehicle.  Single  perforations  of  two  tire  systems  on  one  vehicle 
caused  a  dramatic  sideways  drift  of  the  vehicle.  Both  reactions  could  have  caused  tire 
systems  or  vehicle  damage  not  observable  during  static  tests.  It  is  highly  probable  that 
reactions  of  this  nature  will  require  skill  on  the  part  of  the  driver  in  order  to  maintain 
control.  In  addition,  damage  to  the  vehicle  was  sustained  (luring  test  firings  which  was 
unexpected,  to  wit:  during  one  firing,  the  rotating  tire  caused  the  fragment  simulator 
to  deflect  into  the  fuel  tank,  causing  a  probable  Mobility-kill;  during  a  second  firing,  a 
shock  was  severely  damaged,  which  probably  would  have  caused  a  mobility  kill  sooner 
than  tire  system  failure;  during  a  third  firing,  two  laterally-opposed  rear  tires  were 
perforated.  The  current  NATO/FINABEL  does  not  account  for  this  type  of  event. 

6.  THE  TEST  IN  REVIEW 

The  program  for  which  this  test  was  constructed  has  as  its  goal  the  fielding  of 
more  survivable  tires  on  the  battlefield.  In  the  development  phases,  it  is  necessary  to 
examine  carefully  all  the  known  technological  options,  eliminating  some  as  impractical 
or  inefficient  and  endorsing  others  as  sufficiently  promising  to  continue  to  the  next 
development  phase.  It  is  to  this  development  task,  screening  out  the  impractical  or 
inefficient,  that  we  structured  the  test  descried  in  this  paper.  In  doing  so,  we  had  to 
assess  the  influence  of  experimental  factors  representing  battlefield  conditions.  This, 
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Figure  5.1.  Elongated  perforations  caused  by  high  L/D  ratio  fragment  simulators. 
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in  turn,  necessitated  a  practicable  means  for  simulating  fragment  damage  and  for 
shooting  tires  which  were  in  motion  and  under  load.  'Die  former  required  simulation 
modeling  to  establisl\a  representative  fragment  threat  and  testing  of  the  fragments  to 
insure  their  suitability.  The  latter  required  the  development  of  new  equipment,  the 
BRL  test  stand,  specifically  designed  to  safely  simulate  damage  inflicted  on  tires  when 
moving  on  the  battlefield.  The  complexity  of  the  issues  and  the  scarcity  of  tire 
resources  suggested  that  the  technical  testing  program  be  handled  in  stages.  Keeping 
the  experimental  bite  manageable  will  allow  for  clear  answers  to  the  questions  that 
have  been  posed. 

There  is  no  perfect  test;  therefore,  we  are  well-advised  to  recognize  its 
strengths  and  weaknesses.  We  address  the  primary  advantages  and  disadvantages  of 
the  test  plan,  interpreted  in  terms  of  the  stated  military  and  experimental  objectives. 
Beginning  with  the  military  objectives,  all  of  the  variables  considered  important  by 
TACOM  or  the  NATO/FINABEL  Standards  are  included  in  the  test  plan  in  a 
manner  suitable  to  TACOM.  Sometimes  this  required  compromise,  such  as  in  the  use 
of  terrain.  Terrain  is  considered  only  through  its  inclusion  in  the  test  course  in  propor¬ 
tions  consistent  with  the  HMMWV  mission  profile.  For  some  other  variables  the  mil¬ 
itary  interests  are  clarified  in  the  test  plan.  For  example,  normal  operating  speeds  in 
the  failure  definition  are  more  sensibly  tied  to  the  normal  performance  of  individual 
driving  teams.  Efforts  to  handle  the  fragment  threat  resulted  in  a  reasonable  fragment 
simulation  procedure.  Battlefield  tire  motion  aixd  load  can  now  be  simulated  using  the 
BRL  test  stand. 

With  regard  to  experimental  objectives,  the  selection  of  STS  prototypes  for 
further  research  and  development  follows  directly  from  analysis  of  the  second  testing 
stage.  Further,  the  stage  1  plan  imposes  an  analyzable  design  structure  on  a  complex 
problem  providing  for  the  testing  of  all  important  hypotheses.  In  addition,  running  the 
experiment  in  stages  has  the  emphasis  and  resource  advantages  mentioned  in  Section 
3.3.  However,  the  test  plan  has  several  weaknesses.  By  examining  the  standard  tire 
only  in  stage  1,  comparisons  between  it  and  other  STS  prototypes  are  hindered.  Exper¬ 
imental  error  is  an  issue  since  complete  randomization  is  not  possible  and  since  some 
pooling  of  low-order  interactions  into  the  error  term  may  be  necessary.  Choice  of  an 
enor  term  for  the  imbedded  test  of  the  two-tire  effect  is  far  from  straightforward,  par¬ 
ticularly  since  four  of  ^he  eight  observations  must  be  used  in  the  analysis  tsvice.  Finally, 
we  had  to  take  some  liberties  in  the  combination  of  variables  to  form  factors  so  that  a 
design  would  be  {)ossible  with  the  available  samples. 
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APPENDIX  A  -  Speed  'prial  information 
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iNTENTIONiUXY  LEFT  BLANK. 
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APPENDIX  A .  SPEED  TRIAL  INFORMATION 


• 

“nie  primary  purpose  for  this  test  is  to  establish  baseline  performance  levels  for 
each  driving  team.  These  levels  will  be  established  using  regression  or  time  series 
analysis.  They  will  be  used  in  establishing  speed-induced  failure  criteria  to  be  used  in 
evaluation  testing. 


Tire  &  Vehicle  Identification  &  Initial  State 

1)  Qearly  mark  the  2  HMMWVs  as  vehicles  1  and  2. 

2)  Paint  both  side  walls  of  each  of  the  43  tires  white. 

3)  Code  tires  1  through  43  roughly  according  to  their  order  of  arrival  if  possible 

4)  Initially  mount  the  tires  (by  number)  as  indicated  below  and  inflate  all  to  high 

manirfacturer  recommended  pressure.  The  driver  side  is  considered  the  left. 


Vehicle  1 

RF-6 

RR-22 

LF-40 

LR-36 

Vehicle  2 

RF.37 

RR-24 

LF-10 

LR-9 

5)  Load  each  vehicle  to  7900  lbs  insuring  that  the  right  side  of  the  vehicle  is  the 
heavier  side. 


DRIVING  SCHEDUUE  &  TEAM  ASSIGNMENTS 

Driving  for  this  test  program  will  be  accomplished  with  two  teams.  Each  driver  will  be 
assigned  a  Team  #  and  a  Driver  #.  Once  assigned,  the  driver  will  retain  these  two  numbers 
for  all  testing  described  in  Part  1  -  Part  3. 

Drivers  will  be^  asked  to  perform  two  tasks.  They  will  either  be  driving  the  vehicle  or 
performing  as  data  collector.  The  data  collector  has  the  responsibility  to  record  time  spent 
on  each  section  of  course  and  note  any  tire  or  mechanical  problems  experienced. 


Test 

Sequence  # 

Team 

Vehicle 

Lap 

Tire 

Pressure 

Driver  # 

Data 

Collector  # 

A1 

1 

1 

■ 

High 

1 

2 

A2 

1 

1 

High 

2 

1 

A3 

1 

1 

■■ 

Low 

1 

2 

A4 

1 

1 

mm 

Lovir 

2 

1 

A5 

2 

2 

■■ 

High 

1 

2 

A6 

2 

2 

High 

2 

1 

A7 

2 

2 

^9 

Low 

1 

2 

A8 

2 

2 

H 

I^w 

2 

1 

Each  driver  will  record  his  rating  on  the  tire  evaluation  sheet  after  lap  2,  for  laps  1  and  2, 
and  after  lap  4,  for  laps  3  and  4. 
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TIRE  EVALUATION 


Please  read  the  instructions  on  the  reverse  side  side  of  this  form  befone  completing. 
Indicate  Test  Sequence  #,  Team  #,  and  Driver  #.  Circle  one  response  for  each  performance 
category  and  include  any  comments  in  the  space  provided. 

Test  Sequence  # _ 

Team  # _ 

Driver  # _ 


Traction: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

• 

Stability: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Vibration  & 
Shimmy: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Steering: 

Very 

Gocd 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Control: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 
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INSTRUCTIONS 


Following  are  some  instructions  pertaining  to  tire  system  rating.  When  rating  the  tire 
try  to  focus  attention  on  only  the  category  in  question.  This,  we  realize,  is  not  an  easy  task 
since  there  necessarily  is  overlap  among  them.  For  example  avoid  down  weighting  the  tire 
score  on  traction  because  of  an  annoyingly  bumpy  ride.  Some  examples  of  specific  problems 
which  could  be  encountered  in  each  category  are  given  below.  Please  read  carefully  the 
description  associated  with  each  of  the  possible  ratings. 

Categories 

Traction  (sliding,  spinning,  fish  tailing,  hydroplaning,  reduced  speed) 

Stability  (vehicle  swaying,  tires  stiff) 

Vibration  &  Shimmy 

Steering  (pulling  to  one  side,  wandering) 

Control  (poor  handling,  rough  ride,  bouncing) 


Ratings 

Very  Good  -  no  problems  with  respect  to  this  category  and 

performance  is  very  good. 


Good 


Above  Average 


no  identifiable  problems,  but  performance  did  not  warrant  a 
"Very  Good"  rating. 

1  or  2  identifiable  problems,  but  performance  was  still 
"Fairly  Good". 


Below  Average 


1  or  2  identifiable  problems  resulting  in  performance 
below  the  "Fairly  Good"  level. 


Poor 


more  than  2  identifiable  problems,  but  performance  stiU  marginal. 


Very  Poor 


more  than  2  identifiable  problems  resulting  in  performance 
below  the  "Marginal"  level. 


NOTE:  All  ratings  made  for  prototype  tires  are  to  be  "relative  to  the  standard  HMMWV 
tire  performance". 
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APPENDIX  B  -  4x2"^  FACTORIAL  DESIGN:  1/2  REPLICATE 
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Intentionally  left  blank. 
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APPENDIX  B  -  4x2^^  FACTORIAL  DESIGN:  1/2  REPUCATE 

Definition;  A  4x2*^  factorial  design  tests  each  possible  treatment  combination  of  1  fac¬ 
tor  with  4  possible  levels  and  4  factors  with  2  possible  levels.  A  1/2  replicate  of  such  a 
design  selects  1/2  of  the  4x2^  pc^sible  combinations  (32  observations). 

Design  Factors:  Factors  varied  in  the  design: 


a)  pressure 

b)  motion 

c)  position 

d)  team 

e)  threat 


manufacturer’s  high  and  low  pressure  2  levels 

dynamic  (35  mph)  or  static  2  levels 

drive  only  or  steering  2  levels 

driving  teams  2  levels 

7.62  mm  rounds  (2  at  0“,  5  at  90“)  4  levels 

7.62  mm  rounds  (2  at  0“,  5  at  45“) 


Small  fragment  simulator  (SF)  (2  at  0“,  5  at  90“) 
Large  fragment  simulator  (LF)  (2  at  0“,  5  at  90“) 


Fractional  factorial  designs  are  common  tools  in  industrial  experiments.  Their 
great  advantage  is  that  they  provide  an  efficient  means  for  examining  the  influence  of 
many  factors  in  one  design.  The  advantage  comes  at  a  price  depending  on  the  particu¬ 
lar  design  chosen;  a  fractional  factorial  design  creates  an  indeterminacy  among  certain 
factors,  that  is,  one  cannot  tell  which  of  the  linked  factors  truly  influenced  the 
response  variable. 

The  1/2  replicate  of  the  4x2^^  design  in  the  Evaluation  guarantees  that  principal 
factors  and  2-way  interactions  can  all  be  differentiated  clearly  from  one  another. 
Indeterminacy  between  them  and  higher  order  interactions  does  exist.  The  analyst 
assumes  that  the  higher  order  interaction  is  not  present  and  that  the  principal  factor 
or  2-way  interaction  is  important.  This  is  loosely  analogous  to  approximating  a  curve 
with  a  second  order  Taylor  series  approximation. 
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TEST  SCHEDULE 


Testing 

Sequence  Threat 


SF 

SF 

7.62/45" 

SF 

LF 

LF 

LF 

LF 

7.62190° 

7.62/45° 

7.62/90° 

7.62/90^ 

7.62/90P 

SF 

SF 

7.62/45° 

LF 

SF 

SF 


Pressure 

Position 

Motion 

low 

drive 

dynamic 

low 

steering 

dynamic 

high 

steering 

static 

high 

steering 

static 

high 

drive 

dynamic 

low 

steering 

static 

high 

steering 

static 

high 

steering 

static 

low 

steering 

dynamic 

low 

2'tire 

dynamic 

high 

drive 

dynamic 

low 

steering 

dynamic 

low 

drive 

dynamic 

low 

drive 

static 

high 

2-tire 

dynamic 

low 

drive 

static 

low 

steering 

dynamic 

low 

drive 

dynamic 

high 

drive 

static 

low 

2-tire 

dynamic 
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TEST  SCHEDULE 

Testing 

Sequence 

Threat 

Team 

1st* 

Driver 

Veliicle 

Tire 

Pressure 

Tire 

Position 

Tire 

Motion 

21 

SF 

2 

2 

2 

liigh 

steering 

* 

dynamic 

22 

7.62/45" 

1 

2 

1 

high 

drive 

static 

23 

7.62/90’ 

2 

2 

2 

high 

drive 

static 

24 

7.62/45" 

1 

1 

1 

low 

drive 

dynamic 

25 

7.62/90* 

2 

1 

2 

low 

steering 

static 

26 

LF 

1 

1 

1 

high 

drive 

static 

27 

SF 

2 

1 

2 

low 

steering 

static 

28 

7.62/45” 

1 

2 

1 

high 

steering 

dynamic 

2Q 

7.62190° 

2 

1 

.2 

high 

2'tire 

dynamic 

30 

7.62/90* 

1 

2 

1 

high 

drive 

dynamic 

31 

1.621^5° 

2 

1 

2 

low 

drive 

static 

32 

SF 

1 

1 

i 

high 

drive 

dynamic 

33 

LF 

2 

2 

2 

low 

drive 

static 

34 

7.62/45" 

1 

1 

1 

low 

steerir-g 

static 

35 

7.62/90* 

•» 

2 

2 

high 

i^teering 

dynamic 

36 

LF 

1 

1 

1 

high 

steering 

dynamic 

“  Driver  and  data  collector  will  change  roles  after  each  lap. 
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TIRE  EVALUATION 


Please  read  the  instructions  on  the  reverse  side  side  of  this  form  before  completing. 
Indicate  Test  Sequence  #,  Team  #,  and  Driver  #.  Circle  one  response  for  each  performance 
category  and  include  any  comments  in  the  space  provided. 

Test  Sequence  # 

Team  # _ 

Driver  # 


Traction: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Stability: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Vibration  & 
Shimmy; 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Steering: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 

Control: 

Very 

Good 

Good 

Above 

Average 

Below 

Average 

Poor 

Very 

Poor 

Comments: 
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INSTRUCTIONS 


Following  are  some  instructions  pertaining  to  tire  system  rating,  ^lien  rating  the  tire 
try  to  focus  attention  on  only  the  category  in  question.  This,  v/e  rc^e,  is  not  an  easy  task 
since  there  necessarily  is  overlap  among  them.  For  example  avoid  down  weighting  the  tire 
score  on  traction  because  of  an  aimoyingly  bumpy  nde.  Some  examples  of  specific  problems 
which  could  be  encountered  in  each  category  are  given  below.  Please  read  carefully  the 
description  associated  with  each  of  the  possible  ratings. 

Categories 

Traction  (sliding,  spinning,  fish  tailing,  hydroplaning,  reduced  speed) 

Stability  (vehicle  swaying,  tires  stifQ 

Vibration  &  Shimmy 

Steering  (pulling  to  one  side,  wandering) 

Control  (poor  handling,  rougn  ride,  bouncing) 


no  problems  with  respect  to  this  category  and 
performance  is  very  good. 

no  identtfinble  problems,  but  performance  did  not  warrant  a 
"Vciy  Good”  rating. 

1  or  2  identifiable  problems,  but  performance  was  stiU 
"Fairly  Good". 

1  or  2  identifiable  problems  resulting  in  performance 
below  the  "Fairly  Good"  level. 

more  than  2  identifiable  problems,  but  performance  still  marginal 

more  than  2  identifiable  problems  resulting  in  performance 
below  the  "Marginal"  level. 

NOTE:  All  ratings  made  for  prototype  tires  are  to  be  ^relative  to  the  siiandard  HMMWV 
tire  performance". 


Ratings 
Very  Good 

Good 

Above  Average 
Below  Average 
Poor 

Very  Poor 
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TIRE  CHANGING  EVALUAllON 


1)  Record  Test  Sequence  # _ 

2)  Name  of  tire  changer _ 

3)  Comment  on  difficulties  with  mounting  or  demounting  tires. 

Mounting: 


Demounting: 


APPENDIX  C  -  DETAILED  TEST  SCHEDULE 


lNTENn(H4AlXY  LEFT  BLANK. 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE 


Team 

First 

Driver 

Vehicle 

1 

Tire 

Position 

Pressure 

Motion 

Threat 

Trial  # 

2 

2 

2 

37 

RF 

low 

none 

1 

24 

RR 

low 

dynamic 

SF 

10 

LF 

low 

none 

9 

LR 

low 

none 

Notes:  Replace  damaged  tire  with  tire  14 


Notes:  Replace  damaged  tire  with  tire  12 


Notes:  Replace  damaged  tire  with  tire  35 


Notes:  Replace  damaged  tire  with  tire  18 
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TABLE  Cl.  DETAILED  TEST  SCHEDUIE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

Motion 

Threat 

Trial# 

2 

2 

2 

35 

RF 

none 

5 

14 

RR 

cfynamic 

LF 

10 

LF 

none 

9 

LR 

high 

none 

Notes:  Replace  damaged  tire  with  tire  4 


Notes:  Replace  damaged  tire  with  tire  23 


Notes:  Replace  damaged  tire  with  tire  20 


Notes:  Replace  damaged  tire  with  tire  38 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


First 

Team  Driver 


2  1 


Vehicle  Tire 


2  20 


Petition  Pressure 


RF 

low 

RR 

low 

LF 

low 

LR 

low 

Motion 


dynamic 


Threat 


LF 


none 


none 


none 


Trial# 


9 


Notes:  Rotate  LR(9)  to  RF  and  mount  tire  41  on  LR  at  conclusion  of  trial 


38 

RF 

low 

22 

RR 

low 

40 

LF 

low 

36 

LR 

low 

dynamic 


dynamic  |  7.62/90^ 


none 


none 


Notes:  Rotate  LR(36)  to  RR  and  mount  tire  1  on  LR  and  tire  11  on  RF  at  conclusion  of  trial 


9 

RF 

high 

4 

RR 

high 

10 

LF 

high 

41 

LR 

high 

dynamic 


none 


none 


none 


Notes:  Rotate  LF(10)  to  RR  and  mount  tire  7  on  LF  at  conclusion  of  trial 


11 

RF 

low 

36 

RR 

low 

40 

IF 

low 

1 

LR 

low 

dynamic 


none 


none 


none 


Notes:  Rotate  LF(40)  to  RF  and  mount  tire  13  on  LF  at  conclusion  of  trial 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

Motion 

Threat 

Trial# 

2 

2 

2 

9 

RF 

low 

none 

13 

mm 

RR 

low 

dynamic 

7 

LF 

low 

none 

mm 

low 

none 

Notes:  Replace  damaged  tire  with  tire  16 


1  2 

1 

40 

RF 

low 

none 

36 

RR 

low 

static 

7.62/90* 

13 

LF 

low 

none 

1 

LR 

low 

none 

Notes:  Replace  damaged  tire  with  tire  17 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


1 

Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

1 

Motion 

Threat 

Trial  # 

2 

2 

2 

41 

RF 

low 

dynamic 

17 

39 

RR 

low 

none 

7 

LF 

low 

none 

31 

LR 

low 

none 

Notes;  Replace  damaged  tire  with  tire  19 


1  1  1 

40 

RF 

low 

none 

mil 

low 

dynamic 

LF 

13 

LF 

low 

none 

1 

LR 

low 

none 

Notes:  Replace  damaged  tire  with  tire  33 


2  1  2 

19 

RF 

high 

none 

19 

39 

RR 

high 

static 

SF 

7 

LF 

high 

none 

WBM 

LR 

high 

none 

Notes:  Replace  damaged  tire  with  tire  43 


1 

2 

1 

40 

RF 

low 

dynamic 

SF 

33 

RR 

low 

dynamic 

SF 

13 

LF 

low 

none 

1 

LR 

low 

none 

Notes:  Rotate  LF(13)  to  RR  and  mount  tire  42  on  RF  and  mount  tire  21  on  LF 
at  conclusion  ofiriai 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

Motion. 

Threat 

Trial  # 

2 

2 

2 

19 

RF 

dynamic 

SF 

21 

43 

RR 

none 

7 

LF 

■Enai 

none 

31 

LR 

none 

Notes:  Rotate  LF(7)  to  RF  and  mount  tire  2  on  LF  at  conclusion  of  trial 


Notes:  Replace  damaged  tire  with  tire  28 


TABIJB  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

Motion 

1 

Threat 

1 

Trial# 

2 

1 

2 

7 

RF 

low 

static 

7.62/9(r 

25 

31 

RR 

low 

none 

2 

IF 

low 

none 

8 

LR 

low 

none 

Notes:  Replace  damaged  tire  with  tire  30 


Notes:  Rotate  LR(25)  to  RF  and  mount  tire  32  on  LR  at  conclusion  of  trial 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Position 

Pressure 

Motion 

Threat 

Trial# 

2 

1 

2 

30 

RF 

high 

dynamic 

7.62/90“ 

29 

31 

RR 

high 

dynamic 

7.62/90“ 

2 

UF 

high 

none 

8 

LR 

high 

none 

Notes:  Rotate  LR(8)  to  RF  and  mount  tire  34  on  LR  and  tire  27  on  RR 
at  conclusion  of  trial 


1  2  1 

25 

RF 

high 

none 

30 

5 

RR 

high 

dynamic 

21 

LF 

high 

none 

32 

LR 

high 

none 

Notes:  Rotate  LF(21)  to  RR  and  mount  tire  26  on  LF  at  the  conclusion  of  trial 


2 

1  2 

8 

RF 

low 

none 

27 

RR 

low 

static 

2 

LF 

low 

none 

34 

LR 

low 

none 

Notes:  Rotate  LF(2)  to  RR  and  mount  tire  15  on  LF  at  the  conclusion  of  trial 


1  1  1 

25 

RF 

high 

none 

32 

21 

RR 

high 

dynamic 

SF 

26 

LF 

high 

none 

32 

LR 

high 

none 

Notes: 
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TABLE  Cl.  DETAILED  TEST  SCHEDULE  (Continued) 


Team 

First 

Driver 

Vehicle 

Tire 

Portion 

Pressure 

Motion 

Threat 

TWai  # 

2 

2 

2 

8 

RF 

low 

none 

33 

2 

RR 

low 

static 

LF 

15 

low 

none 

34 

LR 

low 

none 

Notes:  None 


1 

1 

1 

25  1 

RF 

low 

static 

7.62/45" 

34 

8 

kR 

low 

none 

26 

LF 

low 

none 

32 

LR 

low 

none 

Notes:  Before  trial,  borrow  RF(8)  from  vehicle  2  to  place  on  RR 


2  2  2 

8 

RF 

high 

dynamic 

35 

26 

RR 

high 

none 

15 

LF 

high 

j  none 

34 

LR 

high 

none 

Notes:  Return  before  tiial  RR(8)  from  vehicle  1  to  RF.  Borrow 
from  vehicle  1  LF(26) _ 


1  1  1 

32 

RF 

dynamic 

LF 

36  i 

26 

RR 

WilRiM 

none 

15 

LF 

none 

34 

LR 

none 

Notes:  Before  trial,  rotate  LR(32)  to  RF  and  then  place  3  remaining 
tires  of  vehicle  2  on  vehicle  1 
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InTENTIONAIXY  left  BLANC. 
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APPENDIX  D  -  TEST  REQUIREMENTS 


4S 


Intentionally  left  blank. 

m 
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APPENDIX  D  -  TEST  REQUIREMENTS 


A.  Site  suitable  for  firing  shrapnel  simulators  (See  Safety  Standard  Operating  Pro- 
ceduic,  Appendix  -  D). 

B.  A  thiity  mile  vehicle  course  which  is  segmented  into  three  segments  in  accordance 
with  the  mission  profile. 

C.  Two  HMMWVs  in  good  repair. 

D.  Four  drivers/data  collectors. 

E.  Timing  devices. 

F.  Data  recorders  (acceleration). 

G.  Firing  devdee. 

H.  Guncrew. 

I.  Shrapnel  simulators  and  propellant. 

J.  Thirty  tires  of  each  pi  ototype  manufacture. 

K.  Forty-three  HMMWV  nm-flat  tires. 
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Intentionally  left  blank. 
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APPENDIX  E  -  TEST  STAND  SPECIFICATIONS 


Inienttokally  leit  blank. 
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APPENDIX  E  -  TEST  STAND  SPECinCAnONS 


llie  primary  purpose  of  the  test  stand  is  to  allow  the  tire  systems  to  be 
degraded  ss^ely  while  rotating.  There  is  concern  that  rotating  tire  systems  will 
degrade  in  a  different  manner  from  tire  systems  degraded  statically. 

This  test  stand  was  designed  and  constructed  by  the  BRL  It  consists  of  a  one 
inch  plate  of  mild  steel  supported  by  two  five  inch  I-beams.  Four  24"x24''  holes  were 
cut  into  the  plate  to  accommodate  pillow  block  bearings  and  rollers  (Figures  El,  E2, 
and  El). 


Stand  Specifications 


Length 

Width 

Height 

Rollers 

Pillow  Block  Bearings 
Maximum  Weight  Capacity 


16' 

12' 

6" 

4 1/2"  outside  diameter 
24"  in  length 
1 1/2'  inside  diameter 
^^0,0001bs  (10,(XX)lbs  per  roller  set) 


The  vehicle  can  be  driven  onto  the  stand;  after  it  is  positioned  the  vehicle  is  secured 
agaia^t  forward,  backward,  and  lateral  movement  with  locking  chain  tie  downs  (Fig¬ 
ures  E4,  E5,  and  E6),  necessary  ttecause  of  the  tendency  of  the  vehicle  to  slow 
dramatically  when  tire  systems  are  degraded.  Once  the  vehicle  is  secured,  a  lanyard  is 
attached  to  the  throttle  to  permit  engine  shut  down.  Upon  completion  of  the  firings, 
the  vehicle  is  removed  from  the  stand  by  towing  and  turned  over  to  the  test  course 
driver  for  the  completion  of  the  evaluation. 

In  order  to  degrade  the  tire  systems  in  a  uniform  manner,  the  BRL  designed 
and  constructed  two  firing  platfoims  each  with  provision  for  mounting  up  to  five 
weapons  (Figure  E7).  The  weapons  chosen  for  degrading  the  systems  were  .308  cali¬ 
bre  bolt-action  rifles,  as  those  rifles  are  capable  of  firing  both  the  standard  NATO  car¬ 
tridge  and  the  fragment  simulators.  Tlie  rifles  are  fired  simultaneously  by  attaching 
lai^ards  with  a  pulley  system  to  each  trigger  and  connecting  them  to  a  single  draw 
string. 


51 


.1)  iTW  yl  f 


57 


Figure  E7.  Weapons  platform  with  two  .308  caliber  weapons  mounted. 
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No  of 

Cficiss  Qrgwiiatim 


No  of 

CflpUa  Organization 


1  Office  of  the  Secretary  of  Defense 
OUSD(A) 

Director,  Live  Fire  Testing 
ATTN:  James  F.  0‘Bryon 
Wasitington,  DC  20301-3110 


I  Director 

US  Army  Aviation  Research 
and  Technology  Activity* 
Ames  Research  Center 
Moffett  Field,  CA  94035-1099 


2  Administrator 

Defense  Technical  !nfo  Center 
ATTN:  DnC-DDA 
Cameron  Siadou 
Alexandria,  VA  22304-6145 

1  HQDA  (SARD-TR) 

WASH  DC  203104XX)1 

1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCDRA-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333-0001 


1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD-CS-R  (DOC) 

Redstone  Arsenal,  AL  35898-5010 

1  Commander 

US  Army  Tank-Automotive  Command 
ATTN:  AMSTA-TSL  (Technical  Library) 
Warren,  MI  48397-5000 

1  Director 

US  Army  TRADOC  Anal>sis  Comnumd 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002-5502 


1  Commander 

US  Army  Laboratory  Command 
ATTN:  AMSLC-DL 
Adelphi,  MD  20783-1145 


(Ctaw.  srty)  1  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD  (Security  Mgr.) 
Fort  Benning,  GA  31905-5^ 


2  Commander  o«ijr)  i  Commandant 


US  Army,  ARDEC 
ATTN:  SMCAR-IMI-I 
Picatinny  Arsenal,  NJ  07806-5000 

2  Commander 

US  Army,  ARDEC 
ATTN:  SMCAR-TDC 
Picatinny  Arsenal,  NJ  07806-5000 

1  DireciXir 

Benet  Weapons  Laboratory 
US  Army,  ARDEC 
ATIN:  SMCAR-CCB-TL 
Watervliet,  NT  12189-4050 

1  Commander 

US  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-ESP-L 
Rock  Island,  IL  61299-5000 

1  Commander 

US  Army  Aviation  Systems  Command 
ATTN:  AMSAV-DACL 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 


US  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Benning.  GA  31905-5660 

1  Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLODL 
Eglin  AFB,  FL  32542-5000 

Aberdeen  Proving  Ground 

2  Dir,  USAMSAA 

ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

1  Cdr,  USATECOM 

ATTN:  AMSTE-TD 

3  Cdr,  CRDEC,  AMCCOM 

ATTN:  SMCCR-RSP-A 
SMCCR-MU 
SMCCR-MSI 

1  Dir,  VLAMO 

ATTN:  AMSLC-VL-D 
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No  of 

CoBifis  Orwnteatifln 


1  Commander 

US  Army  Materiel  Command 
ATTN:  AMCAE,  C.  Ch*ipin 
5001  Eisenhower  Avenue 
Alexandria.  VA  22333-0001 

1  Director 

Survability  Management  Offlot 
ATTNr  SLCSM-D 
Adelphi,  MD  20783-1145 

1  Director 

VLAMO 

ATTN:  SLCVA-D 
Adelphi.  MD  2(r/83-lU5 

1  Conknander 

US  Army  Tank-Automotive  Command 
ATTN:  AMSTA-RT3.  Pads 
Warren,  MI  48397-5000 

Abflpdcffl-groyiiui  Qwwnd 


1  Cdr,  USACSTA 

ATTN:  STECS-DA-PS,  V.  Viacaw 


USEA  EVALUATION  SHEET/CHANGE  OF  ADDRF.SS 


This  Laboratory  undertakes  a  continuing  efToit  to  improve  the  quality  of  the  reports  it  publishes. 
Your  conunenWanswers  to  the  items/questions  below  will  aid  us  in  our  efTorts. 

1.  BRL  Report  Number  _ Date  of  Report  _ 

2.  Date  Report  Received _ _ _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  will  be  used.) _ _ 


4.  Specifically,  how  is  tire  report  being  used?  (Infonnation  source,  design  data,  procedure,  source 
cf  ideas,  etc.) _ _ _ 


- -I- - - 

S.  Has  tils  infonnation  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars 
saved,^'  op^dng  costs  avoided,  or  cfflciencies  achieved,  etc?  If  so,  please  elaborate. _ 

b 

M  .  . . . .  . .  . .  .  . - . . . 

r 

'  61  GeneM  Conunents.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changerto  organization,  tedmical  content,  fonnat.  etc.)  ,  ,  _ 

-  I  ^ 

'  - -  '■  -  - - 

Name 


CURRENT  Organization 

ADDRESS _ 

Address 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Aadress  or  Address  Correction,  please  provide  the  New  or  Correct 
Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 


OLD  Organization 

ADDRESS  _ 

Address 


City,  State.  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 
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